Various histological variants of papillary thyroid carcinoma have been reported, some with clinical implications, some with peculiar, sometimes misleading morphologies. One of these rare and poorly characterized variants is papillary thyroid carcinoma with nodular fasciitis-like stroma, of which fewer than 30 cases have been documented, mostly as isolated reports. It is a dual tumor comprising a malignant epithelial proliferation that harbors typical features of conventional papillary thyroid carcinoma, admixed with a prominent mesenchymal proliferation resembling nodular fasciitis or fibromatosis. Thus, the terms papillary thyroid carcinoma with nodular fasciitis-like stroma and papillary thyroid carcinoma with fibromatosis-like stroma are used interchangeably; however, the former term suggests a self-limited and regressing disease, whereas the latter one suggests a recurrent and potentially aggressive one. Better genetic and ultrastructural characterization could lead to more appropriate terminology and management. We performed detailed clinicopathological and molecular analyses of two cases of PTC with prominent mesenchymal proliferation that developed in the thyroid gland of two male patients aged 34 and 48. In both cases, the epithelial component harbored a heterozygous somatic activating BRAF mutation (p.V600E). Also, in both cases, the mesenchymal component showed typical aberrant nuclear and cytoplasmic immunoreactivity for β-catenin and harbored a heterozygous somatic activating mutation in the corresponding CTNNB1 gene (p.S45P). This mutation has never been reported in thyroid stroma; in other tissues, it is typical of desmoid-type fibromatosis rather than nodular fasciitis-like stroma. We therefore propose that in cases of papillary thyroid carcinoma with a prominent mesenchymal component, mutations in CTNNB1 should be sought; when they are present, the term 'papillary thyroid carcinoma with desmoid-type fibromatosis' should be used. As the mesenchymal component of these tumors is not expected to concentrate radioactive iodine, special considerations apply to clinical evaluation and follow-up, which should be brought to the attention of the treating specialist. The most common histological subtype of thyroid carcinoma is papillary thyroid carcinoma, representing up to 80% of all well-differentiated forms. 1 The global incidence of papillary thyroid carcinoma has been increasing over the last decades, but its prognosis remains overall favorable, with a stable mortality rate for its more common variants, that is the classical and follicular variants. 2,3 Management includes surgery often followed by radioactive iodine.
The most common histological subtype of thyroid carcinoma is papillary thyroid carcinoma, representing up to 80% of all well-differentiated forms. 1 The global incidence of papillary thyroid carcinoma has been increasing over the last decades, but its prognosis remains overall favorable, with a stable mortality rate for its more common variants, that is the classical and follicular variants. 2, 3 Management includes surgery often followed by radioactive iodine.
Different histological variants of papillary thyroid carcinoma have been described, some with clinical implications, some challenging to recognize because of their rarity and/or peculiar morphology. One of these rare and poorly characterized variants is papillary thyroid carcinoma with exuberant mesenchymal proliferation. 2 It is characterized by a double component: a malignant epithelial proliferation harboring the typical features of conventional papillary thyroid carcinoma (overlapping groundglass and grooved nuclei with pseudoinclusions) and a prominent mesenchymal cell component resembling nodular fasciitis or fibromatosis, hence the denominations papillary thyroid carcinoma with Figure 1 For caption see page 238. nodular fasciitis-like stroma and PTC with fibromatosis-like stroma. According to the World Health Organization (WHO) Classification of Tumors of Endocrine Organs, these two histological subtypes of papillary thyroid carcinoma are synonyms. 2 The great majority of cases described contain 480% of mesenchymal cells and o20% of malignant follicular cells. The bulk of the tumor is thus represented by mesenchymal cells, usually fibroblasts and myofibroblasts. Several studies showed an aberrant immunohistochemical expression of β-catenin in the nucleus and cytoplasm of mesenchymal cells, but the molecular cause for the activation of the Wnt signaling pathway in these tumors remains unknown. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Aberrant nuclear accumulation of β-catenin is reported in different neoplastic and reactive conditions and is related to direct or indirect alterations of the Wnt/β-catenin pathway. 19 Among thyroid carcinomas, cytoplasmic and nuclear accumulation of β-catenin has been reported only in the cribriformmorular variant, which occurs sporadically or as an extra-intestinal manifestation of the familial adenomatous polyposis syndrome; in this case, it is associated with the presence in the follicular cells of activating somatic mutations in CTNNB1, the gene encoding β-catenin. 20 More commonly, 40-50% of thyroid carcinomas present heterozygous somatic mutations in BRAF, the most frequent being the p.V600E mutation (amino-acid substitution of glutamic acid for valine at position 600). 21 We report here two cases of papillary thyroid carcinoma associated with a prominent mesenchymal proliferation characterized by a BRAF V600E mutation in the epithelial component and by an activating CTNNB1 mutation in the mesenchymal component. Based on the presence of the CTNNB1 mutation and supported by the ultrastructural demonstration of collagen fibers, we propose that a more suitable terminology for this neoplasm is 'papillary thyroid carcinoma with desmoid-type fibromatosis'. On liquid-based cytology, fragmented spindle cells with fusiform nuclei corresponding to fibroblasts/myofibroblasts were seen in a myxoid background (liquid-based cytology, Papanicolaou staining, 400 × ). (d) Case #1. On gross examination, the right lobe measured 85 × 60 × 45 mm and almost entirely comprised a whitish, solid, well-circumscribed nodule that had increased rapidly in size in comparison with the last ultrasound examination (a). (e) Case #1. The tumor consisted of two distinct components: stromal and epithelial (arrows). The abundant stromal component corresponded to 95% of the entire tumor, whereas the epithelial component to the remaining 5%. Scan of the slide (hematoxylin-eosin). (f) Case #1. Microscopically, the stroma was composed by spindled-shaped cells arranged in interlacing fascicles accompanied by thick collagen fibers (left part), whereas the epithelial component (right part) comprised small foci of oncocytic papillary thyroid carcinoma, arranged in papillae and solid nests (hematoxylin-eosin, 200 × ). Inset shows a nuclear pseudoinclusion (arrow, hematoxylin-eosin, 400 × ). (g) Case #2. The tumoral stromal component corresponded to 85% of the entire tumor and the epithelial component (arrows) to the remaining 15%. Scan of the slide (hematoxylin-eosin). (h) Case #2. Microscopically, the stromal and epithelial components were similar to case #1, with the only difference that non-necrotizing granulomas (sarcoid-like, arrow) were found inside the epithelial oxyphilic component (hematoxylin-eosin, 400 × ). 
Materials and methods

Patient Selection
A 34-year-old man with unremarkable personal and familial medical history presented with a neck mass that he had noticed growing for 1 year. Physical examination revealed a firm nodule in the right thyroid lobe, mobile while swallowing, without associated pain, dysphonia or dysphagia. Thyroid function tests were normal. Ultrasound-guided thyroid fine-needle aspiration revealed a 20 mm thyroid nodule considered benign in a private clinic (slides not available for review). Six months later, the patient presented to the Lausanne University Hospital because of further enlargement of the thyroid nodule. Thyroid ultrasound revealed a partly cystic 38 mm nodule with rare microcalcifications (Figure 1a) . The successive ultrasound-guided fine-needle aspiration rendered a diagnosis of atypia of undetermined significance/ follicular lesion of undetermined significance, according to the Bethesda system for reporting thyroid cytology. 22 The rapid increase of the tumor size prompted immediate right lobo-isthmectomy rather than a repeat fine-needle aspiration in 3-6 months as suggested by the Bethesda system for reporting thyroid cytology. After identification of a papillary thyroid carcinoma on pathology, completion thyroidectomy (without lymphadenectomy) was performed, followed by radioactive iodine ablation treatment (30 mCi using recombinant TSH stimulation).
A 48-year-old euthyroid man was referred for investigation of a right thyroid lobe nodule to the Arcispedale Santa Maria Nuova Hospital. US evaluation showed a 28 mm nodule with ill-defined borders and no microcalcification; there were no cervical lymphadenopathies. Ultrasound-guided fine-needle aspiration yielded a diagnosis of suspicious for papillary thyroid carcinoma according to the Bethesda system for reporting thyroid cytology. In agreement with the patient, total thyroidectomy was performed. The patient was lost to follow-up in the post-operative period.
Cyto-Histopathologic Analyses
Cytology preparations were available for review only for case #1, limited to the second fine-needle aspiration (cytology slides of case #2 were not found in the pathology archives). Aspired material of case #1 (three passes) was smeared onto six slides and stained with Papanicolaou (five slides) and Giemsa (one slide) stains; the needle was also rinsed in CytoLyt (Hologic Inc., Marlborough, MA, USA) and one additional slide was prepared using the ThinPrep protocol (Hologic Inc., Marlborough, MA, USA) for liquid-based cytology.
Histopathology features were assessed for both cases using hematoxylin and eosin-stained sections from formalin-fixed, paraffin-embedded tissue. Representative tissue blocks containing both epithelial and mesenchymal components were selected for immunohistochemical analysis, electron microscopy and molecular studies.
Immunohistochemical Analyses
Immunohistochemical stainings were performed on a Benchmark XT System (Ventana Medical Systems, Tucson, TX, USA) on deparaffinized sections from selected formalin-fixed, paraffin-embedded tissue blocks with the primary antibodies listed in Table 1 . Antibody detection and final staining were carried out with the UltraView Universal DAB Detection Kit (Ventana Medical Systems).
Ultrastructural Analyses
Ultrastructural features were assessed using a representative block of formalin-fixed, paraffin-embedded tissue for each case. Samples were post-fixed in 
Results
Cytologic Findings
In case #1, the fine-needle aspiration performed in the Lausanne University Hospital was hypocellular, showing rare aggregates of follicular cells with oncocytic cytoplasm and enlarged nuclei with irregular nuclear membranes and focal chromatin clearing (Figure 1b) . These cells were also observed in the liquid-based cytology preparation. As a result of these findings, the diagnosis rendered was atypia of undetermined significance/follicular lesion of undetermined significance. After histological assessment, the cytology slides were reviewed and mesenchymal cells were seen only in the liquidbased cytology preparation as isolated spindle cells in a myxoid substance (Figure 1c) . According to the cytology report (slides were not available for review), fine-needle aspiration findings in case #2 showed a prominent atypical epithelial component with nuclear grooves and some intranuclear pseudoinclusions. These features were considered suspicious but not diagnostic of papillary thyroid carcinoma and a diagnosis of suspicious for papillary thyroid carcinoma was given. The description also included the presence of scattered fragments of mesenchymal tissue, but these were not considered as relevant for the diagnosis.
Histopathological Findings
In case #1, the right lobe measured 85 mm after formalin fixation. On cut section, the entire lobe was replaced by a well-circumscribed but non-encapsulated, firm and homogeneous whitish nodule (Figures 1d and e) . In comparison with the latest ultrasound examination that reported a 38 mm nodule, the diameter of the lesion had more than doubled at the time of surgery. Histologically, it consisted of two intermingled but distinct cell populations, one of mesenchymal nature and the other of epithelial nature. The mesenchymal component represented about 95% of the whole tumor, and consisted of monomorphous spindle-shaped cells with elongated nuclei arranged in interlacing fascicles, accompanied by thick collagen fibers (Figures 1e and f) and small lymphocytic aggregates. Spindle cells showed neither cytological atypia nor mitotic figures, but they infiltrated focally through the thyroid capsule into the surrounding skeletal muscle. Surgical resection margins were free of tumor. No necrosis was observed in this component. The epithelial component, representing 5% of the tumor, was arranged in papillae, trabecular structures or small follicles. Malignant epithelial cells showed typical nuclear features of papillary thyroid carcinoma, including pale, ground-glass nuclei with nuclear grooves, occasional nuclear pseudoinclusions and a cytoplasm of variable abundance, sometimes oncocytic (Figure 1f) . The remaining thyroid parenchyma showed small foci of chronic thyroiditis.
In case #2, the nodule measured 28 mm in its greatest axis, with a vaguely demarcated border (Figure 1g) . It showed the same histological features as in case #1, however, with a more prominent epithelial component (about 15% of the whole tumor) (Figure 1g ). Oncocytic change was present. Interestingly, sarcoid-like non-necrotizing granulomas were found in contact with the epithelial component (Figure 1h ). Surgical resection margins were free of tumor.
Immunohistochemical Findings
The immunohistochemical findings are summarized in Table 2 . The epithelial component of the tumors was positive for pancytokeratin (AE1/AE3), TTF-1, thyroglobulin, galectin-3 and HBME-1, and showed membranous staining for β-catenin (Figure 2a) . The mesenchymal component of the tumors showed focal cytoplasmic staining for smooth muscle actin and vimentin, as well as aberrant nuclear and cytoplasmic staining for β-catenin (Figure 2b ), but was negative for pancytokeratin (AE1/AE3), desmin, S100 protein, CD34, CD99, Bcl-2, thyroglobulin and CD117.
Ultrastructural Findings of the Mesenchymal Component
Electron microscopy was attempted on tissue retrieved after formalin fixation. Within the limits imposed by suboptimal fixation, collagen fibers and fragments of collagen fibers were observed in the proximity of mesenchymal cells, implying a fibroblastic differentiation at the ultrastructural level (Figure 2c ). Abundant rough endoplasmic reticulum was also seen, a typical observation in cells producing large proteins like collagen (Figure 2d ).
Molecular Findings
Both components were isolated by microdissection from toluidine blue-stained sections, each of them being composed of 490% of cells of interest. In both cases, DNA sequencing revealed a heterozygous c.133T4C (p.S45P) mutation in exon 3 of CTNNB1 (reference sequence: NM_001904.3), exclusively present in the mesenchymal component, and a heterozygous c.1799T4A (p.V600E) BRAF mutation (reference sequence: NM_004333.4), only detected in the epithelial component (Figures 2e and f) .
Discussion
Papillary thyroid carcinoma with nodular fasciitislike stroma or papillary thyroid carcinoma with fibromatosis-like stroma is a rare variant of papillary thyroid carcinoma, described for the first time by Ostrowski et al 23 as papillary thyroid carcinoma with fibromatosis-like stroma and by Chan et al 9 as papillary thyroid carcinoma with nodular fasciitislike stroma. 9 Since then, fewer than 30 cases have been reported for both nosological definitions, with an incidence of 0.5% of all papillary thyroid carcinomas in the series by Chan et al 9 and 0.17% in the series by Mizukami et al. 5, 11 In our two institutions (Lausanne University Hospital, Lausanne, Switzerland and Arcispedale Santa Maria Nuova-IRCCS, Reggio Emilia, Italy), only two cases have been retrieved from archival series, representing 0.03% and 0.04% of all thyroid malignancies and of all papillary thyroid carcinomas, respectively. This difference could be related to the different ethnic backgrounds.
In the reported cases, a diagnosis of papillary thyroid carcinoma with nodular fasciitis-like stroma/ papillary thyroid carcinoma with fibromatosis-like stroma has never been made on cytological grounds alone. Either one or both components may be sampled by the fine-needle aspiration, potentially leading to misdiagnosis of the lesion as a variety of reactive, benign or malignant conditions, including the sclerotic variant of papillary thyroid carcinoma, sarcoma or even anaplastic carcinoma. 17, 8 In our cases, the mesenchymal component was not present at all on the smears for patient 1 and was only described but not considered in the final diagnosis for patient 2.
The distinctiveness of this neoplasm as described by the WHO is represented by its dual nature: a prominent mesenchymal cell proliferation resembling nodular fasciitis or fibromatosis-hence the terms papillary thyroid carcinoma with nodular fasciitis-like stroma and papillary thyroid carcinoma with fibromatosis-like stroma, respectively-and a usually minor malignant epithelial proliferation displaying the typical features of conventional papillary thyroid carcinoma. 2 Indeed, in our cases the mesenchymal component was predominant (95% and 85% in case 1 and 2, respectively). The mesenchymal cells are apparently myofibroblastic in nature and produce collagen, as confirmed by electron microscopy. The epithelial proliferation 
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shows typical nuclear features of PTC and oncocytic metaplasia. Histologically, fibromatosis and nodular fasciitis have many common features, notably the cytologically bland spindle cells. Mitotic figures occur in both lesions, but are much less frequent in fibromatosis than in nodular fasciitis. 24 The former usually lacks lymphocytic infiltrate and extravasated red blood cells, features often present in nodular fasciitis. 13 Despite their morphological similarity, distinction between nodular fasciitis and fibromatosis has important clinical implications: nodular fasciitis is considered a self-limited, spontaneously regressing lesion (« transient neoplasia »), whereas fibromatosis has an aggressive clinical course, often with local recurrences; in consequence, surgery is often more extensive in the case of fibromatosis. In the two cases presented here, both components were completely resected with negative margins. Patient 1 is in complete remission after radioactive iodine treatment. Patient 2 is lost to follow-up.
The pathogenesis of the two distinct components is likely to be different, especially because an unrelated gene mutation was identified in each component. Being neoplastic in nature, the mesenchymal component observed in our cases can be considered neither as a desmoplastic reaction developing in contact with a carcinoma, nor as a metaplastic spindle cell transformation of a follicular-derived lesion such as that found in cases described by Vergilio et al 25 , in which mesenchymal cells were positive for thyroglobulin. Other scenarios such as a collision of two independently originating neoplasms are even less likely. Although the exact pathogenesis remains unknown, there are other examples of carcinomas associated with a similar mesenchymal component, mostly described in breast, but more rarely also in lung. 26, 27 The Wnt/β-catenin pathway is involved in tumorigenesis in different settings, in neoplastic, metabolic and fibrosing diseases. Among fibrosing diseases, high levels of β-catenin mRNA are found in aggressive deep fibromatosis, a sporadic neoplastic, locally invasive proliferation of fibroblasts originating from musculoaponeurotic planes. 28 The somatic mutation of exon 3 of CTNNB1 gene found in the mesenchymal cells of our cases has also been reported in thyroid epithelial cells, mainly in the cribriform-morular variant of papillary thyroid carcinoma. 20 This variant occurs in a sporadic form or as an extra-intestinal component of the familial adenomatous polyposis syndrome, of which it may be the initial clinical manifestation. 20 In our cases, there were no clinical signs of familial adenomatous polyposis syndrome, and the mutation in exon 3 of CTNNB1 was not present in the follicular malignant cells. In contrast, the presence of the mutation in the myofibroblastic proliferation confirms a tumorigenic alteration of the Wnt/β-catenin pathway similar to the one observed in fibromatosis, but never detected in nodular fasciitis.
BRAF mutations leading to the constitutive activation of the MAPK kinase pathway are leading genetic events in papillary thyroid carcinoma, present in 450% of cases. 21, 29 The specificity for malignancy of BRAF mutation is very high (almost 100%), as it has never been described in benign thyroid conditions, which justifies its role as a diagnostic marker in fineneedle aspiration indeterminate specimens. 30 Its role as a negative prognostic marker has not been definitively confirmed, but its presence seems to be associated with pathological features of aggressiveness, such as extrathyroidal extension and lymph node metastasis. [31] [32] [33] The most common BRAF mutated variant is p.V600E, which is characteristically present in the classical variant, whereas the p.K601E variant is more commonly associated to the follicular variant of papillary thyroid carcinoma. 1, 34 The presence of the BRAF mutation is not exclusive to thyroid neoplasia, but is described also in other malignancies, notably in melanoma, lung carcinoma and colon carcinoma. Interestingly, it is also present in 19% of cases of pediatric aggressive fibromatosis, where it is variably associated with CTNNB1 mutations, while is absent in adult aggressive fibromatosis. 35 In conclusion, we propose that in cases of PTC with a prominent mesenchymal component, mutations in CTNNB1 should be sought; when they are present, the tumor should be termed 'papillary thyroid carcinoma with desmoid-type fibromatosis' rather than 'PTC with fibromatosis-like stroma' or 'papillary thyroid carcinoma with nodular fasciitislike stroma'. As the mesenchymal component does not express thyroglobulin, the use of thyroglobulin as a tumor marker is only partly informative for this papillary thyroid carcinoma variant; moreover, because the mesenchymal cells are not expected to concentrate iodine, it is unlikely that radioactive iodine treatment will have an effect on this component, although clinical evidence is still lacking on this issue. Appropriate resection margin status of the mesenchymal component is a critical parameter to assess on histopathology: as Cates et al 36 have shown, patients with primary desmoid-type fibromatosis have an increased risk of local recurrence when resection margins are positive or close (tumor clearance o 1 mm). These important clinical considerations should be transmitted to the treating clinicians in each case, as they are unlikely to be familiar with this rare tumor.
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